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Description 

[0001] The present invention relates to a method of characterizing samples on the basis of intermediate statistical 
data. 

5 [0002] The essence of a number of pharmacological, biological and chemical problems is to detect substances in a 
sample or to measure the interaction or reaction of these substances. In order to measure the substances in a sample 
more specifically, usually at least one of the reactants is radioactiveiy or luminescently labelled. A convenient and 
sensitive type of labels are fluorescent labels. 

[0003] Widely used methods to monitor interactions by fluorescence are the determination of changes in overall 
10 fluorescence intensity or in anisotropy of fluorescence. However, a number of side effects, such as surface binding or 
fluorescence from impurities, often lead to interpretation problems and artifacts. A second reason which has induced 
interest towards refined methods of analysis is the need to work with small amounts of a large number of samples in 
the field of high throughput screening and large capacity diagnostics. 

[0004] New opportunities for assay development were opened when the technology for monitoring fluorescence from 
'5 single f luorophore molecules became available. The first successful studies on fluorescence intensity fluctuations were 
performed by Magde, Elson and Webb (Biopolymers, Vol. 1 3, 29-61 , 1 974) who demonstrated the possibility to detect 
number fluctuations of fluorescent molecules and established a research field called fluorescence correlation spec- 
troscopy (FCS). FCS was primarily developed as a method for determining chemical kinetic constants and diffusion 
coefficients. The experiment consists essentially, in measuring the variation of the number of molecules of specific 
20 reactants in time in a defined open volume of solution. Microscopic fluctuations of the concentration of the reactant 
are detected as fluorescence intensity fluctuations from a small, open measurement volume. The measurement volume 
is defined by a focussed laser beam, which excites the fluorescence, and a pinhole in the image plane of the microscope 
collecting fluorescence. Intensity of fluorescence emission fluctuates in proportion with the changes in the number of 
fluorescent molecules as they diffuse into and out of the measurement volume and as they are created or eliminated 
25 by the chemical reactions. Technically, the direct outcome of an FCS experiment is the calculated autocorrelation 
function of the measured fluorescence intensity. 

[0005] An important application of FCS is to determine concentrations of fluorescent species having different diffusion 
rates in a mixture. In order to separate the two terms corresponding to translation diffusion of two kinds of particles in 
the autocorrelation function of the fluorescence intensity, at least about a two-fold difference in diffusion time is needed, 

30 which corresponds generally to an eight-fold difference in the mass of the particles. Furthermore, if one succeeds in 
separating the two terms in the autocorrelation function of fluorescence intensity, it is yet not sufficient for determining 
the corresponding concentrations except if one knows the relative brightness of the two different types of particles. 
[0006] The international patent application WO-A-98/1 6814 describes a method for characterizing samples by meas- 
uring a number of photon counts emitted, scattered and/or reflected by units in said sample in a repetitive mode per 

35 time interval of defined length, and determining a function of the number of photon counts per said time interval, char- 
acterized in that a function of specific brightness of said units is determined on basis of said function of the number of 
photon counts. This method can also be applied to study fluorescent samples. This special embodiment is the so called 
fluorescence intensity distribution analysis (FIDA). While FCS distinguishes between different species according to 
their diffusion time, FIDA distinguishes between them according to their specific brightness. Both FCS and FIDA rely 

40 on a single specific physical property. In principle, however, one-dimensional statistical functions obtained by FCS or 
FIDA can be used for determining distributions of particles in more than one specific physical property (e.g. distribution 
of particles according to both translational and rotational diffusion coefficient), but this option is limited and may be of 
low reliability. 

[0007] The European patent application EP-A-0 359 681 discloses modulated dynamic light scattering methods which 
45 utilize time and space modulations of the incident or scattered light as well as modulations caused by random Brownian 
motions of the particles to measure particular properties. 

[0008] A further method which utilizes fluorescence is Fluorescence Analysis in Cell Sorting (FACS). In FACS ma- 
chines, the intensity of light emitted by a single particle is measured with a relatively high precision, and intensities 
corresponding to different wavelengths, scattering or polarization angles can be plotted simultaneously. United States 

so Patent 3,824,402 to Mullaney et al. discloses such a photometric apparatus and method for measuring light responsive 
characteristics of appropriately stained biological cells. At least two light responsive characteristics are measured and- 
compared to eliminate spurious light induced noise. More particularly, light scattering produced by the cells and fluo- 
rescent light emitted by the cells in response to an incident light beam are detected. However, ordinary FACS cannot 
be applied in cases when the particles under study arrive and leave the measurement volume at random pathways, 

55 so that a lot of them do not pass through the centre of the focus. Also, the set of procedures used in FACS is not 
applicable in cases when light intensity corresponding to individual particles is so weak that the stochastical error of 
its measurement exceeds differences in intensities corresponding to different species of particles. Furthermore, FACS 
is applicable only at extremely low concentrations of particles, corresponding to much less than one particle per meas- 
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urement volume. 

[0009] One object of the invention is to increase the reliability of analysis of samples and reduce risk of misinterpre- 
tation of the measured data. 

[001 0] Another object of the invention is to considerably broaden the field of applicability of multidimensional analysis 
5 of samples. 

[0011] The objects of the present invention are solved with the method having the features of claims 1 , 2, 3 or 5. 
Claims 4 and 6-23 define additional features. 

[0012] It is to be understood that the following description is intended to be illustrative and not restrictive. Many 
embodiments will be apparent to those of skill in the art upon reviewing the following description. The invention will be 
10 described with reference to monitoring numbers of photon counts from light emitted by fluorescently labelled particles 
in a sample. Fluorescence is a very sensitive means allowing to monitor single molecules, and still rather selective 
allowing to distinguish between different species. 

[001 3] The term "unit of a sample" refers, in general, to subparts of a sample which are capable of emitting, scattering 
and/or reflecting radiation. A sample might contain a number of identical units or different units which preferably can 
*5 be grouped into species. The term "different species" refers also to different states, in particular different conformational 
states, of a unit such as a molecule. Fluorescently labelled or naturally fluorescent molecules, molecular complexes, 
vesicles, cells, beads and other particles in water or other liquids may be examples of fluorescent units in liquid samples, 
while examples of fluorescent units of a solid sample are impurity molecules, atoms or ions, or other fluorescence 
centers. 

20 [0014] What is meant by the term "specific physical property" is generally a physical measurable property having a 
certain value or interval of values or distribution of values for one species and, in general, another value or interval of 
values or distribution of values for another species. Examples of specific physical properties are: diffusion coefficient, 
absorption cross-section, quantum yield of fluorescence, specific brightness, anisotropy of fluorescence, fluorescence 
decay time, ratio of fluorescence intensity passing through different optical filters, etc. 

25 [0015] The specific brightness in the sense of the present invention is a physical characteristic which expresses in 
what extent a unit of given species is able to emit, scatter and/or reflect radiation. It is thought to characterize single 
units and therefore the value of specific brightness is neither depending on concentration of the units, nor on the 
presence of other units. Thus, a change of the total count rate of photons emitted, scattered and/or reflected from the 
measurement volume, if only due to a change in concentration of the total number of units, does not influence the value 

30 of specific brightness. Specific brightness of a unit is usually expressed in terms of the mean count rate per unit which 
is a weighted average of the count rate over coordinates of the unit in the measurement volume. 
[0016] What is meant by the term "at least two-dimensional joint statistical function" is a function of two or more 
arguments which can be determined from sequences of photon counts detected by a single, two or more photon 
detectors. The adjective "statistical" means that the function is determined as an average over time or realizations, 

35 while its expectation is thought to be a non-trivial function, expressing sensitive information about the sample. The 
adjective "joint" is meant to denote that the multidimensional statistical function can be generated out of a sequence 
or group of sequences of photon counts without the requirement to generate at least one one-dimensional statistical 
function for each of several separately detected sequences or groups of sequences of photon counts and assemble 
the multidimensional statistical function out of these one-dimensional functions. Separately detected is meant to denote 

40 that the sequence or groups of sequences of photon counts are detected with separate detectors or groups of detectors, 
respectively, or detected by the same detector or group of detectors, respectively, in consecutive measurements. For 
example, if a correlation function of light intensity is determined at different conditions (e.g. at different angles of a 
polarization cube), then the resulting two-dimensional function G (t, a) (with its arguments delay time and angle) is 
considered not to be a joint statistical function, while the probability p (n 1f n 2 ) to count ^ photons by detector 1 and 

45 n 2 photons by detector 2 is a typical example for a joint statistical function. Other examples of intermediate two-dimen- 
sional joint statistical functions are as follows: number of events versus number of counts and time delay from an 
incident count; two-dimensional Fourier spectrum of the photon detection function by two photon detectors; two-di- 
mensional moments of the two-dimensional joint distribution of the number of photon counts; probability versus number 
of photon counts in a counting time interval and (versus) width of counting time interval p (n, T). Correlation function 

50 and distribution function may be regarded as seeds for a number of different types of multidimensional joint statistical 
functions, mathematical transformations being responsible for their great variety. 

[001 7] The importance of the present invention for the characterization of samples may be illustrated by the following, 
non-limiting example: Assuming that a solution contains relatively small labelled ligand molecules and beads bearing 
two receptors, then one has to distinguish between three fluorescent species: free ligand molecule (L), one ligand 
55 molecule bound to a bead (BL), and two ligand molecules bound to a bead (BLL). The assumption is made that no 
quenching of fluorescence occurs upon binding. 

[0018] FCS would separate at best two terms: the first with the diffusion time of L, and the second with the diffusion 
time of both BL and BLL, which are practically equal because the bead has a much larger molecular weight than the 
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ligand. The outcome of FIDA would be two values of specific brightness: that of BLL being two times higher than that 
of BL or L The conclusion of these analyses could be that the sample contains two species, and in case of about 1 :1 
ratio of amplitudes, one could not decide which value of the diffusion time corresponds to which value of the specific 
brightness. 

5 [0019] The method of the present invention, however, can be applied to distinguish all three species, because they 
differ between each other in at least one out of the two specific properties of analysis. 

[0020] According to the invention, a new quality of characterization of samples containing units which emit, scatter 
and/or reflect radiation becomes possible. In the first step, intensity fluctuations of radiation emitted, scattered and/or 
reflected by units in at least one measurement volume are monitored with at least one detection means which is capable 

10 to detect said radiation. In a second step of the method according to the invention, intermediate statistical data com- 
prising an at least two-dimensional joint statistical function are determined from the detected intensity fluctuations. It 
might be preferred to additionally consider other data than the joint statistical function as part of the intermediate 
statistical data set. In particular, it might be preferred that said intermediate statistical data additionally comprise one- 
dimensional statistical functions. In a third step, information related to a joint distribution of units is determined out of 

15 said intermediate statistical data. 

[0021] An important step of the method according to the invention is the determination of a set of intermediate sta- 
tistical data, comprising at least one at least two-dimensional joint statistical function, out of the measured stochastical 
data of radiation intensity fluctuations. Which set of intermediate data is to be determined depends on the specific 
physical properties of interest. If the diffusion coefficient and the specific brightness are chosen as the two specific 

20 properties to distinguish between different species in the sample, then the two-dimensional joint statistical function has 
to depend somehow both on specific brightness of said species and the speed at which the species enter and leave 
the measurement volume. In this particular case, a suitable selection is p (n, k) which is the conditional probability to 
count n photons in the k-th time interval provided an occasional photon of incidence was counted in the 0-th time 
interval/Other selections are also possible, as for example p (n, T) which is the probability distribution of the number 

25 of counts as a function of the width of the counting time interval. 

[0022] Another example is the characterization of samples on basis of the two specific brightnesses corresponding 
. to parallel and perpendicular polarizations. (It should be noted that different species differ not only by brightness of 
fluorescence, but also by anisotropy of polarization, i.e. by ratio of the two brightnesses.) In this case, it is adequate 
to use two detection means, one for the parallel and the other for the perpendicular polarization. As an intermediate 
' 30 statistical data set, one can select p (n 1( n 2 ) which is the joint probability to count n 1 photons by the detection means 
for parallel polarization and n 2 photons by the other detection means during the same counting interval. From the joint 
distribution p (n 1( n 2 ), one can determine characteristic polarization ratios for two or more fluorescent species at a time 
without the need to prepare and measure solutions of single species which is often difficult or even impossible. 
[0023] In a preferred embodiment, the fluctuating intensity of radiation is monitored in terms of determining numbers 

35 of photon counts in, preferably consecutive, time intervals of given length. In a further preferred embodiment, said 
intensity fluctuations of radiation are monitored in terms of determining time of arrival of photons and/or length of time 
intervals between a given number of consecutive photon counts. 

[0024] It might be preferred to select intermediate statistical data from a group consisting of unconditional and con- 
ditional distributions of the number of photon counts, distributions of time intervals between consecutive photon counts, 

40 auto-correlation functions, cross-correlation functions, and combinations thereof. 

[0025] At least one of the arguments of the joint statistical function might be time. In another embodiment, at least 
one of the arguments of said joint statistical function is the number of photon counts in time intervals of given length 
or length of time intervals between a given number of consecutive photon counts. It might further be preferred that at 
least one of the arguments belongs to the class of arguments of mathematical transforms of either probability or cor- 

<5 relation functions. 

[0026] It might be preferred to determine in step c) (see claims 1,2,3 and 5) the presence or absence or concentration 
of at least one unit or species of units with a specific combination of at least two physical properties. At least two species 
might be separated based on at least two physical properties. 

[0027] It might also be preferred to include into the method the separation of at least one species from any background 
50 influence based on at least one physical property and/or to derive at least one one-dimensional statistic after performing 
a separating operation based on at least one physical. property. 

[0028] With regard to step c) in a further embodiment, a joint distribution of units as a function of at least two specific 
physical properties is determined out of said intermediate statistical data. 

[0029] According to a further embodiment, the intermediate statistical data in step b) are derived from the intensity 
55 fluctuations directly or from fluctuations of local statistical functions of intensity. 

[0030] According to a further preferred embodiment, the units are particles, molecules, aggregates, vesicles, cells, 
viruses, bacteria, centers, or mixtures thereof in solids, liquids or gases. It might be preferred to group units into species 
which can be distinguished by at least one of their specific physical properties. At least one of the species can be 
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luminescent, preferably fluorescent, and/or can be luminescently labelled. 

[0031] It might be preferred to monitor the intensity fluctuations of fluorescence with the help of only one detection 
means. If one is interested in characterization of species according to more than one specific brightness corresponding, 
for example, to different polarizations or spectral sensitivities of fluorescence detection, then it might be preferred to 

5 use more than one detection means. Any detector which is capable to detect radiation emitted, scattered and/or re- 
flected by units of the sample may be used. Appropriate detection means such as an avalanche photo-diode, a pho- 
tomultipier or conventional photodiodes are well known to those of skill in the art. It might also be preferred to use a 
multidetector consisting of a monolithic configuration of a plurality of detectors, especially if one wants to measure a 
set of samples in parallel as it is the case in miniaturized high throughput screening. It might further be preferred to 

10 use a two-dimensional multiarray detector. 

[0032] In one preferred embodiment, at least one of the specific physical properties characterizing said units is the 
diffusion coefficient, or correlation time of radiation intensity fluctuations, or any other property expressing how fast or 
slow Brownian motion of given units is. 

[0033] In a further preferred embodiment, at least one of the specific physical properties characterizing a unit is the 
15 specific brightness. More details about the determination of specific brightness as well as applications are disclosed 
in the international patent application WO-A-98/1 6814. 

[0034] It may further be preferred that at least one of the specific physical properties characterizing fluorescent units 
is the polarization ratio of their fluorescence, or fluorescence anisotropy, or any other property expressing the extent 
of polarization of fluorescence. For example, a solution of two fluorescent species is described not only by the polari- 
20 zation ratio of fluorescence of the whole sample, but also by two specific polarization ratios characterizing the two 
species. Usually, these last two properties are determined by studying fluorescence of pure solutions of given species. 
According to the present invention, these properties can also be determined from monitoring fluorescence intensity 
fluctuations of the mixture of said species. 

[0035] In one embodiment, at least one of the specific physical properties characterizing the fluorescent units is the 
25 ratio of fluorescence intensities corresponding to different excitation wavelengths and/or different spectral sensitivities 
of fluorescence detection, or any other property expressing the dependence of fluorescence intensity on the wavelength 
of excitation and/or detection. 

[0036] In a preferred embodiment, at least one of the specific physical properties characterizing said fluorescent 
units is lifetime of fluorescence. 
30 [0037] The specific physical properties, in particular luminescence properties like fluorescence lifetime or fluores- 
cence anisotropy, of the units can be varied by conjugating them with a specific luminophore via different linker mole- 
cules. It may be preferred to use polymeric linker molecules consisting of a varying number of equal or different mon- 
omers. 

[0038] The luminescence properties of the units may also be varied by conjugating them with a first molecule, as e. 
35 g. biotin, which binds a luminescently labelled second molecule, as e.g. luminescently labelled avidin or streptavidin. 
[0039] The luminescence properties of a unit can also be changed by energy transfer. Energy absorbed by a donor 
unit is transferred upon close contact to a luminophore of an acceptor unit and subsequently emitted. 
[0040] The method according to the present. invention is particularly well suited for high throughput screening, diag- 
nostic purposes, monitoring polymerization, aggregation or degradation processes, for particle sorting, nucleic acid 
40 sequencing, or for general analytical purposes, such as environmental analytics or process control. 

[0041] In screening procedures, substances that are possibly pharmacologically active can be analyzed through 
their interaction with specific receptors by examining said interaction with binding of a luminescently labelled ligand to 
receptors wherein natural receptors on their carrier cells as well as receptors on receptbrroverexpressing carrier cells 
or receptors on vesicles or receptors in the form of expressed molecules or molecular complexes may be used. More- 
45 over, the interaction of substances with enzymes in solution or in their genuine cellular environment can be detected 
by monitoring a change of the substrate of the enzyme, e.g. a change in size, brightness, rotational diffusion, or any 
other of the above mentioned fluorescence properties. Another means of determining enzyme activity is to add a 
fluorescently labelled molecule, which binds to either educt or product of the enzymatic reaction. Another method for 
investigating pharmacological activity of substances is the measurement of reporter systems such as Green Fluores- 
ce cent Protein (GFP) expresssion, and of the properties of molecules to which GFP is attached. Further applications, 
especially concerning the performance of assays, are disclosed in WO-A-94/1 6313. 

[0042] For the detection of specific recognition reactions, potential active substances can be present in complex 
natural, synthetic or semisynthetic mixtures which are subjected to separation prior to analysis. These mixtures can 
be separated first e.g. by chromatography to test the individual fractions for the presence of functional compounds 
55 preferably "on line" in a capillary at the end of a separation matrix. The coupling of fractionating methods with FCS 
detection is described in detail in WO-A-94/1 631 3. 

[0043] With respect to the determination of interactions between antigens and antibodies, the antigen is often pre- 
sented in a crude biological matrix which may be a source of high background signals such as autofluorescence, or 
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can otherwise distort the "pure" signal, e.g. by absorption of fluorescence photons or unspecific binding of the labelled 
probe to other particles of the sample. By identifying the antigen-antibody complexes via, for example, the size of the 
molecular complex and its brightness, they can be separated from the signal caused by artifacts. 
[0044] Another task in diagnostics is to identify nucleic acid strands by a labelled probe molecule, such as an specific 

5 oligomer. With the use of a primer "cocktail", which e.g. can exist of primers labelled with dyes of different brightness, 
a target nucleic acid can be identified by the diffusion time and the number of primers having bound to it. A method for 
direct identification of few nucleic acid strands with a primer cocktail, which preferably consists of a mixture of different, 
short primers each with a so-called antisense-sequence complementary to a section of the target molecule and marked 
with one or more dye molecules, is disclosed in DE-A-195 08 366. 

w [0045] Often, aggregation and degradation are phenomena to be monitored. Aggregates display brightnesses and 
diffusion times different from the monomers. In determining both properties, the measurements become more precise 
and do not exhibit a bias due to different molecular brightnesses, as it would be the case with FCS alone. 
[0046] In sequencing according to the method of Sanger, oligomers of different length, of which the terminating 
nucleic acid is labelled with a dye, are identified. Advanced techniques, as e.g. the one described in DE-A-38 07 975, 

15 use dyes which exhibit different properties, such as fluorescence lifetime, according to the type of base they are at- 
tached to. The determination of a base is much more secure if several properties, such as fluorescence lifetime and 
brightness, or any other specific physical property, are determined according to the invention and cross checked for 
consistency. In a preferred embodiment, the sample to be sequenced is separated by gel or capillary electrophoresis, 
or a separation step is conducted by capillary electrochrbmatography, electrohydrodynamic migration or related eiec- 

20 trokinetic methods. 

[0047] In particle sorting, especially in cell or bead sorting, the task is to separate cells or beads according to their 
biological or chemical properties which can be monitored by their fluorescence properties. Prior state of the art just 
monitors fluorescence intensity or intensity of scattered light in a measurement volume much larger than the size of 
the cell or of comparable size to the bead. Thus, cells or beads binding only partly a ligand which is also present 
25 unbound in the surrounding solution cannot be monitored by prior art. The current invention solves this problem even 
for relatively large measurement volumes by determining fluorescence and/or molecular parameters different from 
mere intensity, and thus enables the separation of both contributions, that of the bound and the one of the unbound 
ligand. 

[0048] The importance of the present invention for the characterization of samples may be further illustrated by the 

30 following, non-limiting example: Assuming that a solution contains relatively small luminescent ligand molecules which 
tend to form aggregates as well as beads with multiple binding sites for these luminescent ligand molecules. Then one 
might want to distinguish between aggregates of a particular number of luminescent ligand molecules (A) and beads 
to which the same number of luminescent ligand molecules is bound (B). The two-dimensional analysis according to 
the present invention allows distinguishing species A, which is a fast diffusing component with a specific brightness, 

35 from species B, which is a slower diffusing component with the same specific brightness as A. 

[0049] In one embodiment, said intermediate statistical data are fitted using a priori information on said sample. In 
a further embodiment, said statistical data are processed applying multidimensional inverse transformation with linear 
regularization (ITR) or inverse transformation with constraints (ITC) or inverse transformation with regularization and 
constraints (ITRC). Inverse transformation can be used to determine which composition of the sample would yield the 

40 theoretical values of the intermediate statistical data set closest to the experimental data. Because of statistical errors 
and limited sizes of measured data, inverse transformation is often an ill-posed mathematical problem, characterized 
by wild oscillations in its outcome. ITR, ITC and ITRC stabilize the mathematical problem by looking for a "regular" (e. 
g. a smooth) or constrained solution, for example by minimizing the sum of squared deviations of statistical data and 
a function of the solution itself, penalizing "irregular", usually irreproducible structures in the outcome, or values having 

45 no physical meaning. An example of constraining is disallowing negative values for concentrations. (For the method 
of ITR, see, e.g., W. H. Press, S. A. Teukolsky, W. T Vetterling, B. P. Flannery, Numerical recipes in C: the art of 
scientific computing, second edition, Cambridge University Press, 1992, p. 808). 

[0050] In a preferred embodiment, the measurement volume is only a part of the total volume of the sample and said 
units are diffusing and/or being actively transported into and out of said measurement volume and/or said sample is 
so actively transported and/or optically scanned, if said units, e.g. fluorescent particles, are sufficiently small, then diffusion 
is fast enough for data acquisition from a great number of counting intervals. However, if the characteristic time of 
diffusion is substantially longer than the time interval for measuring fluorescence intensity, then active transport (flow 
or scanning) can considerably save time of data acquisition. 

[0051] In fluorescence studies, it may be advantageous to take measures for reducing the background count rate, 
55 arising from Raman scattering in the solute material and dark count rate of the detector, with respect to the count rate 
per unit. In particular, it is in some cases preferred to use measurement volumes smaller than 10" 12 I, more preferably 
smaller than 10" 14 I. 

[0052] The measurement volumes can preferably be arranged on two-dimensional carriers, such as membranes or 
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sheets having wells. Suitable carrier systems are described in WO-A-94/1 631 3 as well as in the German patent appli- 
cation DE-A- 196 53 766.5. 

[0053] The latter discloses a polymeric disk with multiple wells. In particular, this disk has dimensions of known 
compact discs (CD) or mini CDs. 
5 [0054] Advantageously, the high signal to background count rate and the small optical measurement volume may 
be achieved by using at least one microscope objective, preferably with a numerical aperture > 0.9, in a confocal 
manner for both focussing the incident laser beam and collecting radiation emitted, scattered and/or reflected by units 
in said sample. A suitable device is disclosed in WO-A-94/1 631 3. 

[0055] In a further preferred embodiment, the measurement volume is restricted by the use of elements of near field 

10 optical microscopy. Near field optical microscopy means here that the light passes through an aperture with at least 
one of its dimensions being smaller than the wavelength of the light used and which is in direct contact to the meas- 
urement volume. The aperture may consist of an opaque layer with at least one hole of said diameter or at least one 
slit of appropriate width and/or a tapered glass fiber or wave guide with a tip diameter of said width, optionally coated 
with an opaque layer outside. Near field optical microscopy can be used for focussing the excitation light of the units, 

15 and/or collecting the light emitted by the units. A suitable device is disclosed in WO-A-96/13744. 

[0056] Another preferred embodiment combines near field optical microscopy for the excitation light path, and con- 
ventional optical microscopy for the emission light path, or vice versa. The present invention profits from such a real- 
ization in the sense thatthe size of the measurement volume is reduced compared to conventional confocal microscopy. 
Thus, the present invention can be used to measure higher concentration of particles as with other optica! schemes. 

20 [0057] In a preferred embodiment of the method, multiple photon excitation is used to excite a unit. Multiple photon 
excitation means that the sum^ difference or any other combination of wave frequencies of two, three or more photons 
is used for excitation of e.g. luminescence. Such an excitation scheme has an advantage in the sense thatthe excitation 
probability is riot linearly dependent on excitation intensity, but on the second or higher power. Thus, the multiple photon 
excitation is mostly limited to the volume of the laser focus, whereas outside the laser focus no spurious excitation is 

25 generated. The present invention profits from such an excitation scheme in the sense that less background is generated 
compared to single photon excitation, and that there is no pinhole necessary to restrict the measurement volume. 
Appropriate laser sources of picosecond or subpicosecond pulses are well known to those of skill in the art. 
[0058] The nature and the advantages of the invention may be better understood on the basis of the following figures. 
[0059] Fig. 1. Illustration of the ability of FCS to analyze mixtures. The correlation function G(t) calculated for a 

30 mixture of two species having two times different diffusion coefficient is slightly different from G(t) calculated for single 
species. If the correlation function for a mixture is measured with a sufficient precision, then the analysis yields ampli- 
tudes and diffusion times of the terms corresponding to both species. 

[0060] Fig. 2. Illustration of the ability of FIDA to analyze mixtures. The distribution function of the number of photon 
counts p(n) calculated for a mixture of two species with two times different specific brightness is obviously different 
35 from p(n) calculated for single species. Values of concentrations and specific brightnesses are selected to yield equal 
mean and variance of the count number for both cases. If the distribution function p(n) corresponding to the mixture 
is accurately measured, then the analysis yields concentrations (number of particles per measurement volume) and 
specific brightnesses (number of photon counts per particle) of both species. 

[0061] Fig. 3. Illustration of the ability of the present invention to analyze mixtures. A set of intermediate statistical 
40 data, p(n, k) is theoretically calculated for two cases which yield identical correlation functions G(t) and distribution 
functions of photon count number p(n), but in case 1 darker particles diffuse two times faster than brighter ones while 
in case 2 the darker particles are slower. The calculated curves p(n, k) for these two cases differ from each other which 
means that the present invention can distinguish between the cases which are indistinguishable by both FCS and FIDA. 
[0062] Fig. 4. Illustration of the ability of the present invention to analyze mixtures of two species. A set of intermediate 
45 statistical data, p(^ , n 2 ), is theoretically calculated for two cases. Both cases correspond to mixtures of two fluorescent 
species. In case 1 , fluorescence of one species is polarized: the mean count number per particle is 4.0 for the first and 
2.0 for the second detector. Fluorescence of the second species is unpolarized: the mean count number per particle 
is 3.0 for both detectors. In case 2, fluorescence of both species is moderately polarized: the mean count number per 
particle is 4.0 and 3.0 for species 1 , but 3.0 and 2.0 for species 2. These two cases would yield identical distribution 
50 functions of photon count numbers pfn^ and p(n 2 ). However, the two-dimensional analysis according to the present 
invention using p (n 1t n 2 ) can distinguish case 1 from case 2. 

[0063] Fig. 5. Distributions p (n) and p(n, k) measured for a 0.5 nM tetramethylrhodamine solution in water. The width 
of the sampling time window is 40 u£ and the data collection time is 60 s. 

[0064] Fig. 6. Distributions p (n 1f n 2 ) measured for aqueous solutions of 1.1 nM tetramethylrhodamine (Fig. 6a), 1 .9 
55 nM rhodamine red X (Fig. 6b) and 1 .1 nM rhodamine red X (Fig. 6c). 

[0065] Fig. 7. Distributions c (q 0 , q.,) determined from experimental data graphed on Fig. 6. The distributions (a) and 
(b) corresponding to single species indeed have a single peak while the distribution (c) has two peaks corresponding 
to two kinds of molecules. 
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[0066] Fig. 8. Single-species resolution based on muiticomponent analysis of global fit algorithm for the interaction 
of theophylline-TAMRA (Fig. 8a) and theqphylline-spacer-TAMRA (Fig. 8b) with a polyclonal anti-theophylline antibody. 
The data were fit according to a model describing two identical and independent binding sites. 



[0067] This example represents a two-dimensional combination of FIDA and FCS. 

[0068] The equipment consists of a confocal microscope (ConfoCor® , Carl Zeiss Jena, Germany) with a water 
immersion objective (60x, N.A. 1 .2), a pinhole in the image plane, a He-Ne-laser of 543 nm emission line, an avalanche 
photodiode (SPCM-AQ-131 , EG&G Optoelectronics, Canada) as a photon detector and a computer with appropriate 
data acquisition card. The beam was attenuated to about 200 u,W at the focus. Emission from samples was optically 
filtered by a bandpass filter with central wavelength of 580 nm. A sequence of the number of photon counts in consec- 
utive time intervals of given length (20 or 40 u.s) was collected as raw data. 

[0069] From the sequence of the number of counts, denoted as n jt (/= 1,.,.,/V), the intermediate joint statistical 
function was determined according to the following formula: 



wherein k denotes the delay time devided by the width of the counting time interval. The intermediate data determined 
from experiments were further processed for achieving the best fit with a theoretical model. The theoretical model 
combines theories of FIDA and FCS. As the outcome of curve fitting, one gets estimated values of concentrations, 
brightnesses and correlation times of as many species as one assumes to be present. 

[0070] Five experiments were performed on a 0.5 nM solution of tetramethylrhodamin (TMR, Molecular Probes) in 
PBS buffer, using the sampling time interval T = 20 u,s. The duration of each experiment was 40 s. In addition, five 
further experiments were performed at T = 40 p.s, using a 0.2 nM solution of TMR. The third set of data files was created 
semi-artificially, summing pairs of the number of photon counts obtained at T = 20 u,s and T = 40 jis to simulate a 
mixture of "darker" but "faster" particles with two times "brighter" but "slower" ones. The mixture of fluorescent species 
with twofold difference in the diffusion time is at the limit of resolution of FCS, whereas a twofold difference of specific 
brightness is at the limit of resolution of FIDA. The experimentally obtained data were analyzed assuming single spe- 
cies. The semi-artificial data were analyzed assuming two species. The results of analysis are presented in Table 1 
below. 



[0071] This example illustrates the principle of two-dimensional fluorescence intensity distribution analysis (2D-FI- 
DA). 

[0072] The equipment is nearly identical to that of example 1 , except thatfluorescen.ee from the measurement volume 
is monitored with the help of two photon detectors. In this example, the two detectors differ by transmission spectra of 
the optical filters: one filter transmits light in the range of 555 to 590 nm while the transmission range of the other filter 
is 580 to 630 nm. The two specific physical properties characterizing different fluorescent species are count rates per 
molecule of given species corresponding to the two detection channels. The two-dimensional joint statistical function 
determined in this example is the (relative) number of events as a function of the number of counts by detectors 1 and 
2, P(n 1f n 2 ). Fig. 6a shows the experimental joint distribution P(n 1( n 2 ) of a 1 .1 nM solution of tetramethylrhodamine 
(TMR, Molecular Probes). Analysis using inverse transform with regularization and constraints (ITRC) yields a single- 
peak distribution of specific brightnesses, as graphed in Fig. 7a. Similar results are obtained with a solution of another 
dye, Rhodamine Red X (RRX, Molecular Probes), see Figs. 6b and 7b. The two samples differ by values of the two 
specific properties: TMR is characterized by values of 51 and 71 .5 kHz/molecule while RRX has values of the same 
properties of 15.6 and 48. The third sample is a mixture of TMR and RRX solutions, see Figs. 6c and 7c. As one can 
notice, two peaks, one corresponding to TMR and the other to RRX, are distinguishable in analysis. This kind of analysis 
can be used for the determination of concentrations of fluorescent species. 



Example 1 



P(n,k) = 




N-2k 



Example 2 
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Example 3 

[0073] In this example a case is presented in which only two-dimensional fluorescence intensity distribution analysis 
(2D-FIDA) yields meaningful results while 1 D-FIDA does not. A binding of two TMR-labelled theophyllines (theophyl- 
line-TAMRA and theophylline-spacer-TAMRA (EVOTEC BioSystems GmbH, Germany)) with a polyclonal antithao- 
phylline antibody (Europa Byproducts, The Netherlands) was studied at different antibody concentrations. All binding 
studies were performed using the following protocol: 

[0074] The stock solutions of antibody .and antigens are diluted in assay buffer (PBS=phosphate buffered saline + 
0.05% Tween 20). After mixing the compounds, the mixture was incubated for 30 minutes at room temperature. Sub- 
sequently, the solution was measured using 1D- and 2D-FIDA approaches. Antibody dilution series were performed 
at a iigand concentration of 2 nM. All arbitrary antibody concentrations refer to effective dilutions. In FIDA studies the 
solution was diluted to single molecule conditions (0.5 - 1 particle) and rapidly analyzed after diluting. The system was 
excited at 543 nm using a 4 mW He/Ne laser (Uniphase, Great Britain). Solutions of free TAMRA dye and free Iigand 
conjugates were used for allignment of the instrument. All measurements were corrected for water background which 
was found to be below 1 kHz in each channel. 

[0075] Reference apparent binding constants (K d ) for antibody titration series were determined by fluorescence cor- 
relation spectroscopy (FCS) based on a simple one-site binding approximation. In 1 D-FIDA studies two Iigand mole- 
cules bound to a single antibody molecule appeared as a component with nearly two -fold greater characteristic fluo- 
rescence brightness as compared to the free antigen or antibody molecules with a single Iigand bound. The bright- 
nesses of the Iigand and the single-bound species are similar so that 1 D-FIDA cannot be used to determine binding 
constants for the two-step binding. 

[0076] In 2D-FIDA experiments, by the application of a FIT-mode procedure, individual species were separated, 
signals classified, and K d 's were compared with FCS binding data using a model which assumes the existence of two 
identical,' but independent binding sites; 

r* L3RL K a .et! 

where L is the Iigand and R the antibody with two binding sites. The following mass relations are valid: 



[L] = [L 0 ]-[RL]-2[RL 2 ] 
[R] = [R 0 ]-[RL]-[RL 2 ] 

[0077] The model was simulated and fit using MathCad™ (MathSoft, US) and Scientist™ (MicroMath, US) software 
packages. 2D-FIDA could distinguish (at least) three species with different brightnesses and their concentrations as 
determined from global fit analysis. Using 2D-FIDA, the appearance of intermediates can be demonstrated very easily 
as is illustrated by examining the concentration of the doubly-bound Iigand at different antibody concentrations (Fig. 
8a, b). 

[0078] The experimental data are in good agreement with simulations according to the model considering two iden- 
tical and independent binding sites. Fitting of the data sets leads to binding constants which are consistent with bright- 
ness corrected FCS data for the different antigens used. 



Table 1 . 



No. 


Sample 


Sampling time (u,s) 


Concentration (mean 


Specific brightness 


Diffusion coefficient 








number of molecules 


(mean number of 


(arbitrary units) 








per measurement 


photon counts per 










volume) 


molecule) 




1 


TMR 


40 


0.238/--— 


4.06 / — 


13.1 / 


2 


0.2 nM 




0.236 / ----- 


4.12/- — 


13.2/- — 
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Table 1 . (continued) 



15 



20 



No. 


Sample 


Sampling time (u.s) 


Concentration (mean 


Specific brightness 


Diffusion coefficient 








number of molecules 


(mean number of 


(arbitrary units) 








per measurement 


photon counts per 










volume) 


molecule) 




3 






0.237/ — 


4.12/ — 


12.8/ 


4 






0.240 / - — 


4.10/ 


12.7/ 


5 






0.235 / - — 


4.09 / 


12.6/--— 


6 


TMR 


20 


/ 0.593 


— --/2.00 


/6.82 


7 


0.5 nM 




/ 0.589 


/2.01 


/6.99 


8 






/ 0.585 


/2.02 


— -- /6.89 


9 






— / 0.588 


— / 2.01 


/6.86 


10 






— /0.600 


— / 2.00 


/6.78 


11 


Mixture 




0.265 / 0.567 


3.98/1.92 


13.8/6.6 


12 






0.291/0.536 


3.92/1.90 


12.6/6.9 


13 






0.254 / 0.568 


4.04/1.99 


11.5/7.6 


14 






0.280 / 0.544 


3.94/1.96 


13.5/5.8 


15 






0.251 / 0.5B9 


4.02/1.97 


13.2/6.2 



Claims 

25 

1 . A method of characterizing samples which contain fluorescent molecules or particles, comprising the steps of: 

a) monitoring intensity fluctuations of radiation emitted by the molecules or particles in at least one measure- 
ment volume by detecting sequences of photon counts by two or more photon detectors, 
30 b) determining from the sequences of photon counts intermediate statistical data comprising a probability 

function of at least two arguments, wherein at least one of the arguments is a number of photon counts n 1 
counted by detector 1 and another argument is a number of photon counts n 2 counted by detector 2, 
c) determining a distribution of molecules or particles as a function of at least two specific physical properties 
out of said intermediate statistical data. 

35 

2. A method of characterizing samples which contain fluorescent molecules or particles, comprising the steps of: 

a) monitoring intensity fluctuations of radiation emitted by the molecules or particles in at least one measure- 
ment volume by detecting sequences of photon counts by a single, two or more photon detectors, 
40 b) determining from the sequences of photon counts intermediate statistical data comprising a probability 

function of at least two arguments, wherein at least one of the arguments is a number of photon counts and 
another is a width of a counting time interval, 

c) determining a distribution of molecules or particles as a function of at least two specific physical properties 
out of said intermediate statistical data. 

45 

3. A method of characterizing samples which contain fluorescent molecules or particles, comprising the steps of: 

a) monitoring intensity fluctuations of radiation emitted by the molecules or particles in at least one measure- 
ment volume by detecting sequences of photon counts by a single, two or more photon detectors, 
50 b) determining from the sequences of photon counts intermediate statistical data comprising a probability 

function of at least two arguments, wherein at least one of the arguments is a number of photon counts and 
another is a time delay from an incident count, 

c) determining a distribution of molecules or particles as a function of at least two specific physical properties 
out of said intermediate statistical data. 

55 

4. The method according to claim 3, wherein the probability function expresses the probability to count n photons in 
the k-th time interval provided an occasional photon was counted in the 0-th time interval and k denotes the time 
delay divided by the width of the counting interval. 
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5. A method of characterizing samples which contain fluorescent molecules or particles, comprising the steps of: 

a) monitoring intensity fluctuations of radiation emitted by the molecules or particles in at least one measure- 
ment volume by detecting sequences of photon counts by a single, two or more photon detectors, 
5 b) determining from the sequences of photon counts intermediate statistical data comprising a probability 

function of at least two arguments, wherein at least one of the arguments is a number of photon counts and 
another is a length of time intervals between consecutive photon counts, 

c) determining a distribution of molecules or particles as a function of at least two specific physical properties., 
out of said intermediate statistical data. 

10 

6. The method according to one of claims 1 to 5, wherein said molecules or particles can be grouped into species 
which can be distinguished by at least one of their specific physical properties. 

7. The method according to one of claims 1 or 6, wherein in step c) the presence or absence or concentration of at 
*5 least one species of molecules or particles with a specific combination of at least two physical properties is deter- 
mined. 

The method according to one of claims -1 to 7, wherein said intermediate statistical data additionally comprise 
statistical functions of a single argument. 

The method according to one of claims 1 to 8, wherein said sample contains aggregates, vesicles, cells, viruses, 
bacteria, beads, centers or mixtures thereof in solids, liquids or gases. 

10. The method according to one of claims 1 to 9, wherein at least one of the specific physical properties characterizing 
25 said molecules or particles is the diffusion coefficient, or correlation time of radiation intensity fluctuations, or any 

other property directly related to said diffusion coefficient. 

11. The method according to one of claims 1 to 10, wherein at least one of the specific physical properties charac- 
terizing said molecules or particles is their ability to emit, scatter and/or reflect radiation. 

30 

12. The method according to one of claims 1 to 11 , wherein at least one of the specific physical properties character- 
izing said molecules or particles expresses the property of said molecules or particles to emit polarized fluores- 
cence. 

35 13. The method according to one of claims 1 to 12, wherein at least one of the specific physical properties charac- 
terizing said molecules or particles is the ratio of fluorescence intensities corresponding to different excitation 
wavelengths and/or different spectral sensitivities of fluorescence detection, or any other property expressing the 
dependence of fluorescence intensity on the wavelength of excitation and/or detection. 

40 14. The method according to one of claims 1 to 13, wherein at least one of the specific physical properties charac- 
terizing said molecules or particles is lifetime of fluorescence. 

15. The method according to one of claims 1 to 14, wherein the specific physical properties, in particular luminescence 
properties like fluorescence lifetime or fluorescence anisotropy, of the molecules or particles are varied by conju- 

45 gating them with a specific luminophore via different linker molecules. 

16. The method according to one of claims 1 to 15, wherein the luminescence properties of the molecules or particles 
are changed by energy transfer, in which energy absorbed by the molecule or particle is transferred upon close 
contact to a luminophore of an acceptor molecule or particle and subsequently emitted. 

50 

17. The method according to one of claims 1 to 16 for use in high throughput screening, diagnostics, monitoring of 
polymerization, aggregation and degradation processes, particle sorting, or nucleic acid sequencing. 

18. The method according to one of claims 1 to 17, wherein said intermediate statistical data are fitted using a priori 
55 information on said sample. 

19. The method according to one of claims 1 to 1 8, wherein said statistical data are processed applying multidimen- 
sional inverse transformation with linear regularization and/or constraints. 



20 



9. 
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20. The method according to one of claims 1 to 1 9, wherein the measurement volume is only a part of the total volume 
of said sample and has a volume < 10 -12 I, preferably <, 1 0* u I. 

21. The method according to one of claims to 1 to 20 using at least one microscope objective, preferably with a nu- 
merical aperture £ 0.9, in a confocal manner for both focussing an incident laser beam and collecting radiation 
emitted, scattered and/or reflected by molecules or particles in said sample. 

22. The method according to one of claims 1 to 21, wherein the measurement volume is restricted by the use of 
elements of near field optical microscopy. 

23. The method according to one of claims 1 to 22, wherein multiple photon excitation is used to excite said molecules 
or particles. 



Pate ntansp ruche 

1. Verfahren zur Charakterisierung von Proben, die fluoreszente Molekule Oder Teilchen enthalten, umfassend die 
folgenden Schritte: 

a) Uberwachen von Intensitatsfluktuationen von Strahlung, die von den Molekulen oder Teilchen emittiert wird, 
in wenigstens einem Messvolumen durch Nachweis von Sequenzen von Photonenzahlereignissen durch zwei 
oder mehr Photon endetektoren; 

b) Bestimmen statistischer Zwischendaten, die eine Wahrscheinlichkeitsfunktion von wenigstens zwei Argu- 
menten umfassen, aus den Sequenzen von Photonenzahlereignissen, wobei wenigstens eines der Argumente 
eine Anzahl von Photonenzahlereignissen n 1 ist, dievon DetektoM gezahlt wurden, undein anderes Argument 
eine Anzahl von Photonenzahlereignissen n 2 ist, die von Detektor 2 gezahlt wurden; 

c) Bestimmen einer Verteilung von Molekulen oder Teilchen als Funktion von wenigstens zwei spezifischen 
physikalischen Eigenschaften aus den statistischen Zwischendaten. 

2. Verfahren zur Charakterisierung von Proben, die fluoreszente Molekule oder Teilchen enthalten, umfassend die 
folgenden Schritte: 

a) Uberwachen von Intensitatsfluktuationen von Strahlung, die von den Molekulen oder Teilchen emittiert wird, 
in wenigstens einem Messvolumen durch Nachweis von Sequenzen von Photonenzahlereignissen durch ei- 
nen, zwei oder mehr Photonendetektoren; 

b) Bestimmen statistischer Zwischendaten, die eine Wahrscheinlichkeitsfunktion von wenigstens zwei Argu- 
menten umfassen, aus den Sequenzen von Photonenzahlereignissen, wobei wenigstens eines der Argumente 
eine Anzahl von Photonenzahlereignissen ist und ein anderes eine Breite eines Zahlzeitintervalls ist; 

c) Bestimmen einer Verteilung von Molekulen oder Teilchen als Funktion von wenigstens zwei spezifischen 
physikalischen Eigenschaften aus den statistischen Zwischendaten. 

3. Verfahren zur Charakterisierung von Proben, die fluoreszente Molekule oder Teilchen enthalten, umfassend die 
folgenden Schritte: 

a) Uberwachen von Intensitatsfluktuationen von Strahlung, die von den Molekulen oder Teilchen emittiert wird, 
in wenigstens einem Messvolumen durch Nachweis von Sequenzen von Photonenzahlereignissen durch ei- 
nen, zwei oder mehr Photonendetektoren; 

b) Bestimmen statistischer Zwischendaten, die eine Wahrscheinlichkeitsfunktion von wenigstens zwei Argu- 
menten umfassen, aus den Sequenzen von Photonenzahlereignissen, wobei wenigstens eines der Argumente 
eine Anzahl von Photonenzahlereignissen ist und ein anderes eine Zeitverzogerung gegenuber einem zuge- 
horigen Zahlereignis ist; 

c) Bestimmen einer Verteilung von Molekulen oder Teilchen als Funktion von wenigstens zwei spezifischen 



12 



EP 0 988 525 B1 



physikalischen Eigenschaften aus den statistischen Zwischendaten. 

4. Verfahren gemaB Anspruch 3, wobei die Wahrscheinlichkeitsfunktion die Wahrscheinlichkeit ausdriickt, n Photo- 
nen im k-ten Zeitintervall zu zahlen, wenn im O-ten Zeitintervall zufallig ein Photon gezahlt wurde, und k die Zeit- 
verzogerung dividiert durch die Breite des Zahlintervalls bezeichnet. 

5. Verfahren zur Charakterisierung von Proben, die fluoreszente Molekule oder Teilchen enthalten, umfassend die 
folgenden Schritte: 

a) Uberwachen von Intensitatsfluktuationen von Strahlung, die von den Molekulen oder Teilchen emittiert wird, 
in wenigstens einem Messvolumen durch Nachweis von Sequenzen von Photonenzahlereignissen durch ei- 
nen, zwei oder mehr Photonendetektoren; 

b) Bestimmen statistischer Zwischendaten, die eine Wahrscheinlichkeitsfunktion von wenigstens zwei Argu- 
menten umfassen, aus den Sequenzen von Photonenzahlereignissen, wobei wenigstens einesderArgumente 
eine Anzahl von Photonenzahlereignissen ist und ein anderes eine Lange von Zeitintervallen zwischen auf- 
einanderfolgenden Photon-Zahlereignissen ist; 

c) . Bestimmen einer Verteilung von Molekulen oder Teilchen als Funktion von wenigstens zwei spezifischen 
physikalischen Eigenschaften aus den statistischen Zwischendaten. 

6. Verfahren gemaB einem der Anspruche 1 bis 5, wobei man die Molekule oder Teilchen nach Spezies gruppieren 
kann, die anhand wenigstens einer ihrer spezifischen physikalischen Eigenschaften unterschieden werden kon- 
neri.' 

7. Verfahren gemaB Anspruch 1 oder 6, wobei in Schritt c) die Anwesenheit oder Abwesenheit oder die Konzentration 
wenigstens einer Spezies von Molekulen oder Teilchen mit einer spezifischen Kombination von wenigstens zwei 
physikalischen Eigenschaften bestimmt wird. 

8. Verfahren gemaB einem der Anspruche 1 bis 7, wobei die statistischen Zwischendaten zusatzlich statistische 
Funktionen eines einzigen Argumentes umfassen. 

9. Verfahren gemaB einem der Anspruche 1 bis 8, wobei die Probe Aggregate, Vesikel, Zellen, Viren, Bakterien, 
Kugelchen, Zentren oder Gemische davon in Feststoffen, Flussigkeiten oder Gasen enthalt. 

10. Verfahren gemaB einem der Anspruche 1 bis 9, wobei wenigstens eine der spezifischen physikalischen Eigen- 
schaften, die die Molekule oder Teilchen charakterisieren, der Diffusionskoeffizient oder die Korrelationszeit der 
Intensitatsfluktuationen der Strahlung oder irgendeine andere Eigenschaft, die direkt mit dem Diffusionskoeffizi- 
enten zusammenhangt, ist. 

11. Verfahren gemaB einem der Anspruche 1 bis 10, wobei wenigstens eine der spezifischen physikalischen Eigen- 
schaften, die die Molekule oder Teilchen charakterisieren, ihre Fahigkeit ist, Strahlung zu emittieren, zu streuen 
und/oder zu reflektieren. 

12. Verfahren gemaB einem der Anspruche 1 bis 11., wobei wenigstens eine der spezifischen physikalischen Eigen- 
schaften, die die Molekule oder Teilchen charakterisieren, die Eigenschaft der Molekule oder Teilchen ausdriickt, 
polarisierte Fluoreszenz zu emittieren. 

13. Verfahren gemaB einem der Anspruche 1 bis 12, wobei wenigstens eine der spezifischen physikalischen Eigen- 
schaften, die die Molekule oder Teilchen charakterisieren, das Verhaltnis von Fluoreszenzintensitaten, die ver- 
schiedenen Anregungswellenlangen und/oder verschiedenen spektralen Empfindlichkeiten des Fluoreszenznach- 
weises entsprechen, oder irgendeine andere Eigenschaft, die die Abhangigkeit der Fluoreszenzintensitat von der 
Anregungs- und/oder Nachweiswellenlange ausdriickt, ist. 

14. Verfahren gemaB einem der Anspruche 1 bis 13, wobei wenigstens eine der spezifischen physikalischen Eigen- 
schaften, die die Molekule oder Teilchen charakterisieren, die Lebensdauer der Fluoreszenz ist. 

15. Verfahren gemaB einem der Anspruche 1 bis 14, wobei die spezifischen physikalischen Eigenschaften, insbeson- 



13 



EP 0 988 525 B1 



dere Lumineszenzeigenschaften, wie Fluoreszenzlebensdauer oder Fluoreszenzanisotropie, der Molekiile oder 
Teilchen variiert werden, indem man sie uber verschiedene Linkermolekule mit einem spezifischen Luminophor 
konjugiert. 

16. Verfahren gemaB einem der Anspruche 1 bis 15, wobei die Lumineszenzeigenschaften der Molekiile oder Teilchen 
durch Energietibertragung geandert werden, wobei von dem Molekul oder Teilchen absorbierte Energie bei engem 
Kontakt mit einem Luminophor eines Akzeptormolekuls oder -teilchens ubertragen und anschlieBend emittiert wird. 

17. Verfahren gemaB einem der Anspruche 1 bis 16 zur Verwendung beim Hochdurchsatz-Screening, in der Diagno- 
stic Uberwachung von Polymerisations-, Aggregations- und Abbauvorgangen, Teilchensortierung oder Nuclein- 
sauresequenzierung. 

18. Verfahren gemaB einem der Anspruche 1 bis 17, wobei die statistischen Zwischendaten unter Verwendung von 
a-priori-lnformationen uber die Probe angepasst werden. 

19. Verfahren gemaB einem der Anspruche 1 bis 18, wobei die statistischen Daten unter Anwendung einer mehrdi- 
mensionalen inversen Transformation mit iinearer Regularisierung und/oder linearen Nebenbedingungen verar- 
beitet werden. 

20. Verfahren gemaB einem der Anspruche 1 bis 19, wobei das Messvolumen nur ein Teil des Gesamtvolumens der 
Probe ist und ein Volumen von < 10' 12 I, vorzugsweise < 10' 14 I, hat. 

21 . Verfahren gemaB einem der Anspruche 1 bis 20, wobei wenigstens ein Mikroskopobjektiv, vorzugsweise mit einer 
numerischen Apertur von > 0,9, in konfokaler Weise sowohl zum Fokussieren eines einfallenden Laserstrahls als 
auch zum Auffangen der Strahlung, die von Molekulen oder Teilchen in der Probe emittiert, gestreut und/oder 
reflektiert wird, verwendet wird. 

22. Verfahren gemaB einem der Anspruche 1 bis 21 , wobei das Messvolumen durch die Verwendung von Elementen 
der optischen Nahfeldmikroskopie eingeschrankt ist. 

23. Verfahren gemaB einem der Anspruche 1 bis 22, wobei multiple Photonenanregung verwendet wird, urn die Mo- 
lekiile oder Teilchen anzuregen. 

Revendications 

1. Un procede pour caracteriser des echantillons qui contiennent des molecules ou particules fluorescentes, com- 
prenant les etapes suivantes : 

a) controler les fluctuations d'intensite du rayonnement emis par les molecules ou particules dans au moins 
un volume de mesure en detectant les sequences d'impulsions photoniques au moyen d'au moins deux de- 
tecteurs de photons, 

b) determiner, d'apres les sequences d'impulsions photoniques, des donnees statistiques intermediaires com- 
prenant une fonction de probabilite d'au moins deux arguments, Tun au moins des arguments etant un nombre 
d'impulsions photoniques n 1 comptees par un detecteur 1 et un autre argument etant un nombre d'impulsions 
photoniques n 2 comptees par un detecteur 2, 

c) determiner une distribution de molecules ou particules en fonction d'au moins deux proprietes physiques 
sp6cifiques d'apres lesdites donnees statistiques intermediaires. 

2. . Un procede pour caracteriser des echantillons qui contiennent des molecules ou particules fluorescentes, com- 

prenant les etapes suivantes : 

a) controler les fluctuations d'intensite du rayonnement emis par les molecules ou particules dans au moins 
un volume de mesure en detectant les sequences d'impulsions photoniques au moyen d'un, deux ou plusieurs 
dStecteurs de photons, . 

b) determiner, d'apres les sequences d'impulsions photoniques, des donnees statistiques intermediaires com- 
prenant une fonction de probabilite d'au moins deux arguments, au moins I'un des arguments etant un nombre 
d'impulsions photoniques et I'autre etant une largeur d'un intervalle de temps de comptage, 
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c) determiner une distribution de molecules ou particules en fonction d'au moins deux proprietes physiques 
specifiques d'apres lesdites donnees statistiques intermediaires. 

3. Un precede pour caracteriser des echantillons qui contiennent des molecules ou particules fluorescentes, com- 
5 prenant les etapes suivantes : 

a) controler les fluctuations d'intensite du rayonnement emis par les molecules ou particules dans au moins 
un volume de mesure en detectant les sequences d'impulsions photoniques au moyen d'un, deux ou plusieurs 
detecteurs de photons, 

10 b) determiner, d'apres les sequences d'impulsions photoniques, des donnees statistiques intermediaires com- 

prenant une fonction de probabilite d'au moins deux arguments, I'un au moins des arguments etant un nombre 
d'impulsions photoniques et un autre etant un delai a partird'une impulsion incidente, 
c) determiner une distribution de molecules ou particules en fonction d'au moins deux proprietes physiques 
specifiques d'apres lesdites donnees statistiques intermediaires. 

15 

4. Le precede de la revendication 3, dans lequel la fonction de probabilite exprime la probabilite de compter n photons 
dans le k-ieme intervalle de temps si un photon occasionnel a ete compte dans le O-ieme intervalle de temps et 
k designe le delai divise par la largeur de I'intervalle de comptage. 

20 5. Un procedd pour caracteriser des echantillons qui contiennent des molecules ou particules fluorescentes, com- 
prenant les etapes suivantes : 

a) controler les fluctuations d'intensite du rayonnement emis par les molecules ou particules dans au moins 
un volume de mesure en detectant les sequences d'impulsions photoniques au moyen d'un, deux ou plusieurs 
detecteurs de photons, 

b) determiner, d'apres les sequences d'impulsions photoniques, des donnees statistiques intermediaires com- 
prenant une fonction de probabilite d'au moins deux arguments, I'un au moins des arguments §tant un nombre 
d'impulsions photoniques et un autre argument etant une longueur d'intervalles de temps entre des impulsions 
photoniques consecutives, 

c) determiner. une distribution de molecules ou particules en fonction d'au moins deux proprietes physiques 
specifiques d'apres lesdites donnees statistiques intermediaires. 

6. Le procede selon I'une des revendications 1 a 5, dans lequel lesdites molecules ou particules peuvent etre grou- 
pees en especes qui peuvent etre distinguees par au moins I'une de leurs proprietes physiques specifiques. 

35 

7. Le procede selon I'une des revendications 1 ou 6, dans lequel, dans I'etape c), on determine la presence ou 
I'absence ou la concentration d'au moins une espece de molecules ou particules ayant une combinaison specif ique 
d'au moins deux proprietes physiques. 

40 8. Le procede selon I'une des revendications 1 a 7, dans lequel lesdites donnees statistiques intermediaires com- 
prennent, de plus, des fonctions statistiques d'un seul argument. 

9. Le procede selon I'une des revendications 1 a 8, dans lequel ledit echantillon contient des agregats, des vesicules, 
des cellules, des virus, des bacteries, des perles, des centres ou des melanges d'entre eux dans des solides, des 

45 liquides ou des gaz. 

10. Le procede selon I'une des revendications 1 a 9, dans lequel au moins I'une des proprietes physiques specifiques 
caracterisant lesdites molecules ou particules est le coefficient de diffusion, ou le temps de correlation des fluc- 
tuations d'intensite de rayonnement, ou toute autre propriete en relation directe avec ledit coefficient de diffusion. 

50 

1 1 . Le procede selon I'une des revendications 1 a 1 0, dans lequel au moins I'une des proprietes physiques specifiques 
caracterisant lesdites molecules ou particules est leur aptitude a eYnettre, diffuser et/ou reftechir un rayonnement. 

1 2. Le procede selon I'une des revendications 1 a 1 1 , dans lequel au moins I'une des proprietes physiques specifiques 
5 5 caracterisant lesdites molecules ou particules exprime la propriete qu'ont lesdites molecules ou particules d'emet- 

tre une fluorescence polarisee. 

13. Le procede selon I'une des revendications 1 a 1 2, dans lequel au moins I'une des proprietes physiques specifiques 
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caracterisant lesdites molecules ou particules est le rapport d'intensites de fluorescence correspondant a des 
longueurs d'onde d'excitation differentes et/ou des sensibilites spectrales differentes de detection de fluorescence, 
ou toute autre propriete exprimant la dependance de I'intensite de fluorescence envers la longueur d'onde d'ex- 
citatlon et/ou de detection. 

14. Le procede selon Tune des revendications 1 a 13, dans lequel au moins Tune des proprietes physiques specif iques 
caracterisant lesdites molecules ou particules est la vie de fluorescence. 

15. Le procede selon Tune des revendications 1 a 14, dans lequel les proprietes physiques specif iques, en particuiler 
des proprietes de luminescence telles que la vie de fluorescence ou I'anisotropie de fluorescence, des molecules 
ou particules sont modifiees en conjuguant celles-ci avec un luminophore specifique au moyen de molecules de 
liaison differentes. 

16. Le procede selon I'une des revendications 1 a 15, dans lequel les proprietes de luminescence des molecules ou 
particules sont modifiees par transfert d'energie, I'energie absorbee par la molecule ou particule etant transferee 
par contact etroit avec un luminophore d'une molecule ou particule d'accepteur, puis emise. 

17. Le procede selon Tune des revendications 1 a 16, pour son utilisation dans le triage a haut debit, les tests dia- 
gnostiques, le controle de processus de polymerisation, agregation et degradation, le classement de particules 
ou le sequencage d'acide nucleique. 

18. Le procede selon Tune des revendications 1 a 17, dans lequel lesdites donnees statistiques intermedial res sont 
ajustees en utilisant une information prealable sur ledit echantillon. 

19. Le procede selon Tune des revendications 1 a 18, dans lequel lesdites donnees statistiques sonttraitees en ap- 
pliquant une transformation inverse multidimensionnelle avec regularisation et/ou contraintes lineaires. 

20. Le. procede selon Tune des revendications 1 a 19, dans lequel le volume de mesure n'est qu'une partie du volume 
total dudit echantillon et a un volume <10* 12 I, de preference <1 0 -14 I. 

21 . Le procede selon Tune des revendications 1 a 20, utilisant au moins un objectif de microscope, ayant de preference 
une ouverture numerique >0,9, d'une maniere confocale pour a la fois focaliser un faisceau laser incident et col- 
lecter le rayonnement emis, diffuse et/ou reflechi par les molecules ou particules contenues dans ledit echantillon. 

22. Le procede selon Tune des revendications 1 a 21 , dans lequel le volume de mesure est limite par ('utilisation 
d'elements de microscopie optique de champ proche. 

23. Le procede selon i'une des revendications 1 a 22, dans lequel une excitation a photons multiples est utilisee pour 
exciter lesdites molecules ou particules. 
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Fig. 4 
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Fig. 6 a 
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Fig. 6 b 
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Fig. 6 c 
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Fig. 7 a 
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Fig. 7 b 
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Fig. 7 c 
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Fig. 8a 
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Fig. 8b 
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